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Abstract 



PROBLEM TO BE SOLVED: To provide an electrode structure formed on a P-type 
group III nitride semiconductor layer, which is stable and has a low resistance, and a high 
adhesive strength. SOLUTION: An electrode structure on a P-type group III nitride 
semiconductor layer includes a first, a second, and a third electrode layers, 102, 103, and 
104, where the first electrode layer 102 contains at least one kind selected out of a first 
metal group composed of Ti, Hf, Zr, V, Nb, Ta, Cr, W and Sc, the second electrode layer 
103 contains at least one kind selected out of a second metal group composed of Ni, Pd, 
and Co, and the third electrode layer 104 contains Au. 
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o izi. ] 0^mS.(DT-~Mzi.->X^ 

-5 'y^^^w#^^i:i±. mmmnzmLxi>m^ 
tut* ate, nmmmLmzti^xttmtz^mtm&t 

[ o o 4 3 ] H4 izmuLtzme<D^^yit. mmm2 

«Au/Pd/TiiifflltJ3V^, Tifl02i: 

PdJBi o scD^ti^ticomzmnzmkZ^XT— 

T i Jg 1 0 2<50MJ¥* i *tl~5 0 0 nmCOffilBl*ItC$)§ 
*&fcfiH3^? hfflftj&^SgLTff^^ P dJB 
1 0 3cr>WkmzmLX\i, ttvimi 0 nmllhOt^ 

fc. PdJil0 3<»5JBW<O±|RfcWLTI±, ljum^JK 
4t5<Ui»Au/Pd/Ti t&flN&TOllfttttt 

$ t-ii . sitt^j i co±i^-h mmizmwrnm^- t§wti 
mmm i o*^- 1 lajsstc , mm\ 2 trts v vt & p d m 1 

0 3cD#?4 L^J*SO±BB{±*!Jl/iimT*Si:#i.^ 



[0 044] 4*:, AuJf £#4&V\tt$fM£0P d/T 

T i WHBtfcfc WC t> . N 2 mm9&<r>T-->vmz 

5 >y ? ^tt Z. b 5r**o . £ 
ovvca&f L/S*S*. SIMM 1 £HBiLTaKS>*ufcO 
fcBMRfc, P dmcommz£&m:MZffi<VzMZteAu 

mzmmtxtsirnxK, ^Aui^i^son 

mT'£>;fUi*+:frT*£> £ .1 £ ifihii* ^ tz „ 4£. AuJfcD 

(?o > m&wm& iz£~ox. msu. m&TX'fc hzb mj 

Jg^l . 0xl0 18 ~l. Oxl0 21 /cm 3 OSlT* 

hJlt^LTiAu/Pd/T itMBIlcioT 
Skim*- 5 -y ^*Mtt#4 i b WC* fz. 

[0046] 4/t . mum 1 ±I«1 

MM 2 tomffilfjtO^-- 5 -y 7itCDT--MZN 2 mm 

m4>tit^ a r nam 41 4 ^i4*^4rcr- 

WJOA u/P dm®ffi3tc 7 )«iiT--/WSKt-J:t^.T 
[0047] § H»J 1 f5*^f: I^tt(cldfe0i2 

&cdx\ m&com&iz&^x uiui^titz^-mcom 

[0048] ( H5£*£<ttfftff ) ±3*oMifeM 1 b 2 ^ 

«ffi«5t^A 1 Ga I nNimV- WPWWBL 

jumcnxh7-(y°$&b 5 0 0 umCOitm^sM^m^ 
-t&^mfols— f l/ZMMWi 1 «Au/N i /T i mMb 
i*(?)Au/NitIJlfflL/t^ 2 0mAil*^ 

«omB»*ctJtt*«EE»T«'f-*i.'Wi*>0. 8Vi&4 

b tfx% tz. ttz, mmm 2 tza » h x 3 tz n i soft 
mT<r>nm&ftizio n msi^T t s ^ tffiM 1 1#4 * 

[0 04 9] sfirti. SlitW2fc:feV^J±T i cDlgl^S 
Bl 0 2±^Pd<7)|g2^aJil 0 3**WJi§tLT^4 

itL(i. mmmnzmmLxm^^tLfzXdi/z^ * 

IfflCfcV^itW^P d - G T i -N-ffc£ 
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m t eom&m 1 o 2 a * j&m i < jaaw- s fc»tes&g5r 

fltttC* & . ^hib, «MflB6#* A u/Ti/Pdi 
fcliAu/ ( T i P d^) i . *«w^»a 

[00 50] ifz, ±M<r>MffiMl t 2t'iiplGaN 
ay^^hatlKJSffi-rSlllAJSJll 02}; LT T i 

Hf. Zr, V. Nb, Ta. Cr.W, Sc^t'^i 

[0051] $t>iz^ mi&mmi 0 2±£»jf$*i..& 

m2&mmt UC oiMLfcAu/C o/Titi 

toc TiiHWMAu/cotffliiiKifcRi- 

•C«tfc«il«*M!t4i it^*tt##£>;fx& i fc LUIS 
[00 52] $ fcfcifc, £ttH 1 t 2 Tii#&JiSJf<7> 

t x it , wtvfv >?'m*? cvDm^xo izMcoxm 
[0053] ( mmm 3 > j^Tt , *hih«» 3 ^ 

[00 54] ftl9Jt~, H 1 0 fcSH-J: a CH^|£ 9 B B 
m^-th^-y T A TMM1 0 0 OiCGaNA'777 
11001, nIGaN3V^^M1 002, nIA 

lGaN?77K11 003, nlG a NjifXM FJB 1 
0 04. I n G a N^Uf #Fi&Si 1 0 0 5, Pi 
GaNM-i VMl 0 0 6. piAlGaNllOO 
7. P IGaN3y^^M1 0 08^MOCVDSC 

[0 0 5 5] «Wt, 01 liZ^-fXoiZ. GaNlf 
»Lfc«, K5^(X7fym? 1 0 0 9TH&at3*L 

tv^v^M, 'J7?f o"-ftyx 7 fy/ (ri 

E) ifeti 0 nlGaNay?? hJg 1 0 0 24T1JS0 

[00 57] UCte, 012 fcjjV$-J: a fc, ^-9-±gPtA 
u/N I/Ti^644pStil Oil. ^-tfJKSHtC 
fenlGaNay^? hig 1 0 0 2±£A 1/T i ^ 
<b=3r£ nllll 0 1 2 £ . #«ffi#SO 
SMMMBipMfil 0 1 l"Cfct» Au^OOnm, 
N i # 1 5 nm. Tii 5 5nm, nSMffiTJiA 1 #*1 
50nm, T i 3 0 nmTfo&* «f*fc, h—^'fStTflf 



Jfi£flc*N,3§£ffl$lTfc:*5lfVt. *1j4 0 0°CXT-~JV- 

[00 58] 3 £ L T fEK § tlfC ^SfefalO lx - 

ym^FXU. Au/N i i^^l»PllI^ttS« 

sow— ifm^zit-^x . pmnm<v®M%ng.n\s-ifm 

JS^4 0 0°Ci:^*J; 0 1 0 O c Ctffi<^0. .TiUli: 

[00 59] ifc, pSMffi^ffitCjl^^pMG 
aNny^^f^l 0 08t^HKJE*^t5C:i:t; 

^tt^#^ti^iM4HW^±s < , 'immzpmn 
au/ti mn£ p atstffiffl Lfc r ismcjt^ 
[0060] (mmm 4 > jaTfc, ^m^m4crMm 

W£*?WH*fl6*ttfc3SLfc01 0-01 2£#ast 

[0061] mm\3 1 mmiz^ 0 1 o ts^r j: a 
cmcDt&ihmz^&y-yT-iTMMi ooo±i;Ga 

N^-yyrmi 0 0 1 „ nSGaNayj'^MlOO 
2 . nIA 1 GaN?77 HJS 1 0 0 3. nMGaN3t 
if A YM 1 0 0 4 . I n G a N^fii^FiSttS 1 0 
0 5. PIGaNM^f HJil 0 0 6. pIA 1 G a N 
11 007, PlGaNay^^Ml 008^MOC 
VDmzX OJBacxtf ^^S^lr;Hft*S^ GaNlf 

[0062] e^r. 01 lH^idtC. GaNlf 

SL/^f*. P'7-fX7fy/7X^ l o o 9Tl*a§ii 

TV^V^7>*. l J7^fOMt>'X7fy/ (RI 
E) W,tiZi, 0 niGaN3y^? hill 0 0 2 4~TtH i 9 

[0 06 3]<J({:, h'7^fx7fynx?ioo9J 

t^f*. * y-±.mztmm loiotctsx 

[0 0 64] mz, 01 2tc^-f"J;at;. ^<-^±gP(cA 

u/Pd/TiK^SpIttlOll. X^-fsMlZ 
feniGaN3y^?Ml 0 0 2±CA 1/Ti^ 

^^sniigi o 1 2*ffim-h« 

WMMlSiipMfliffil 0 1 IT'ii. Au^'2 0 0 nm. 
Pd^5 0nm, Ti*>*5nm, nllitttAUn 
5 0 nm, T i 3 0 n mtfcS . 

[006 5] d £LXim2tv&&ffimp>U- 
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4v\*^fclfc«LT 1 0 0 o C(Si:t£<&>9. ifttCfcO 
[0 0 6 6] Au/Pdfl;ffi£p 

i-p-iWFJ: 0 t> p WSSItfOttfWJBEaVP-if* 

[0067] ( USS^J 5 ) mz, *fMHwSS 5 iOHit^J 
**PBfH&flfe*Wfc^L)tHl 3— HI 4*#SHL«r 

[0 0 68] »fijt. HI 3(C3Sf .tafc. {00 0 

I } I^IMJfltl) nlGaNMl 10 0±(Cn 
lGaNA' 7 7rlll0L nlAlGaN?7 7F 

II 102, niGaNMO'1110 3, InGa 
N#Sfi^-#FvStt)i 110 4. plGa N3fctf>f HJB 
1105, plAlGaNll 106, pSGaNay 
??M1 1 0 7 £MOC VDgtj; OJI^xtf^ >- 

[0069]I^T, plGaN^y^? hJg 1 1 0 7 

0XHBte«SIKl 10 8CJ;^xi74 7A7-y^ 

[0 0 7 0] Hi 4 £?jr$"J: 3 [I, plGaNa 

bJf 1 1 0 7lCAu/Ni/T i pI 
flffil 10 9. St^nSGaNifil 1 0 0HCA 1 
/Ti^^SnltSl 1 1 O&^-f-^, ft, #H 
fc&K^WiiilfffipM'ttffi 1 0 0 9 Ti4. Aui 5 2 0 
Onm, Ni^l 5nm, Tii ! 5nm, nlll 1 0 
1 0Tl±A 1 5 Onm, T i 3 OnmtM. ft& 
WFaBS^ktNiSEH^Ttefelr^T, S&4 

[0071] *5atwcj±. imw.m£x.\f?*i/^iv 

il^tSlKLt, nlGaNM^ftfflU. - 

HJtMO^-ifS^O!mt^|*J±f & . Z\<F>&. 5^Ga 
3&*£^L, flSOAu/T pltfifcftlL 



[0072] ( mmm e > &n . ^^aj^m s co^sg^j 
[O073]ftic, Hnc^tj:^:, {ooo 

1 } ffi<5Dffl^{4**-ri» nlGaNSSl 1 0 OiHn 
lGaNA" 7 7rIl 10 1. nlA lGaN^^-yF 
11102, nIGaNM^fKI110 3, InGa 
N^MMrFttFiSfeM 110 4. plGa N3fc#>f h'S 
1105. pSA 1 GaNil 106, PgiGaNrjy 
?7hmi 1 07JMOCVDStJ: OHI^xb^^v- 

[0074]f£WC, P lGaN3y^^Mll07 
0±MtdSt*lll 1 O^z^h^yyAy^-V^m 

[007 5] mz, piG a Nr? 

y^^Ml 1 0 7iCAu/Pd/Ti*^5c8pI 
flpgl 1 0 9Sl/nlGaNltl 1 0 OSMtCA 1 / 
Ti nM»ffil 0 1 0*mf£&&, ft. #mH 

A«<7)WSMff{ipM«®l 0 1 lTli. Aui>*2 0 0 
nm. Pd^'5 0nm. Ti*'5nm, nMttH"C{4A 

1 3&*1 5 0 nm. T i 3 0 nmT'&S. ftftfc, f 

m=Fmm-^i¥iN 2 mmm,Ti l z^x . moowr 

[0076] ^NHMMI*xt^^f^/i, 
LT. nfGaNl»ffifflUc„ 4 
fc, *gStfcWC1i, Au/PdiepIlitLTffl 

d&m^&z\kiz£~>X. 9mM5t,z^-tU-~>?m=F3: 

[ 0 0 7 7 ] ft. g6*W5Rt*SSttW6Ttt, «L 

t {oooi} w^m^rffitirri^NasftEtfflv^ 

a 1 , *Ett£*it=R&*U. i?rCSi%< . {000 1} 
HcOfBlt {0-100} M. {11-2011, { 1 - 

loni, {01-12} mvmmM5 , 6 1 ibj^ 

Sttlt L-T I nGaN^lif#FlMffll^", 
fjaRffiSttJf i: LTG a Nl^frCA s^P&H>'-£ 

GaNny^ bm^mm^xmmm^ h?-t y°mm 

t>«*>=Srv*. 45t. l^-lP*Ffc:lR«fc«T«!5r<, ^ 

(LED)fcfc *fWBld31ffl*C& «. . 
[0078] 

(f, P^GaNrjy^^ bg^-ri.ttffiffimCOftffiffi 
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& £ k #-e# Scot-. ^mpT'W xcowm.yv'txiz 
[Hi ] #?&Hjicow&fiitt£^T. 1 1 immwn^ 

[02] *W!H^Wi«BBfc*iVvt. 3f- S-y^-Jtr- 

[03 ] mmi t«t*«saBfiw*-s ■y^-ftr-- 
[04] lafcwifsmHiia&fctiv^r, TijghNi® 

[05 ] SOfcW2fc«t*«SaBttfcV^. -y? 
[06] SafcW2fcJ:*mHffifittSV^T, TiJihP 

[07] ^*«mffi«3tt;fc „ s >y ? -najMsa 

[08 ] MM^Au/T i /N i lEffiflBt A 

u/N i«H»fifci5Jt6^--5«/^'ftrn-fjBBEt3 

[09 ] mhoau/ (t i Ni^i) nmmmzte 

[011] i^7r>f T36IKJi(c»JftUfe*IMBomHS 
[0 1 2 ] -9-7 r W rafflLhtmLfe^KBwmBi 

it £ * t p — «f i^^ii & srf ere* £ . 



[013] g a Nmanzmm t ^^^mufliiss: 

[014] G a NSILhCM L fe*«W^«W«St 

[fiM^of&sg] 

101 pMGaNny?? hJf 
10 2 Hi 

i o 2 a sj-- 5 -y ? \mmmk<nm&m 

103 SI2AJRJI 

104 ^3^SM 

501 pSG aN3>-^^ big 

5 0 2 Nig 

503 Aug 

504 GaNitNiN ZSti^WUB 
1000 f77^TSS 

100 1 GaNA' 7 7 7i 

1 002 nlGaNny^? hJg 

1003 n!AlGaN?77Fl 

1 0 04 niGaNM^fKI 

1005 InGaN ^fii^ #Fffitt/l 

1 00 6 plGaN^h'l 

1007 pSAlGaNi 

1 008 P lGaN3y^?M 

1 00 9 K7-fX7fy^X? 

10 10 g&iRIBg 

10 11 Pitt 

10 12 nil! 

1100 nIGaNIS 

110 1 nlGaNA' 7 7rS 

1102 nfA 1 GaN?77 b"M 

110 3 nSGaNM-i FJf 

1104 InGaN ^tt^#FStt>i 

1105 piGaNM-^KI 
110 6 pIA IGaNi 
1107 pSGaN^y^^M 
110 8 ffiStil 

110 9 pit! 

1110 nWMM 



[07] 
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904 
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